The newest industry revolution, called Industry 4.0, aims to unify and blend existing technologies, which are hierarchically treated, and make possible the idea of total integration among production levels, with a seamless flow of information. The current division into levels and the top-down approach to the information flow will begin to disappear, exchanges of information will occur in a manner that each device is capable of starting an operation on its own. There are, however, several challenges for this integration to become a reality, some of which are associated with the needed information architecture that should be used by production environments. This architecture must focus on Industry 4.0 requirements and be function-oriented, instead of hierarchical.
INTRODUCTION
Professionals and researchers have been increasingly pressured to develop, refine and implement new strategies, solutions and alternatives to make their businesses more efficient and innovative, being able to cope with high market competitiveness by reducing costs, improving processes or bringing new approaches to the current business model. These changing needs keep pace with evolution over the years and together bring many new challenges, especially when a new industrial revolution occurs. It is already well known that the fourth industrial revolution is happening right now, with its beginning in Germany in 2012 and subsequent dissemination of the idea to several countries on several continents. The fourth revolution brings with it a number of barriers to overcome, such as the limitations of mobile network infrastructures available to make the idea of Internet of Things (IoT) possible anywhere. Another major challenge, which will be the focus of discussion of this article, is the issue of the already obsolete information architecture used in current business models, along with their particularities as protocols and standards used. This architecture until then met the needs of the necessary information flows, having a vertical structure and rigidly hierarchical. However, with industry 4.0, there was a greater implementation and merging of several technologies in the process, increasing the need for data exchange between all the elements and bigger integration of the systems, thus requiring a more flexible architecture that is capable of horizontalizing and verticalize the flow of information, leaving the hierarchical structure and adopting a structure of functions. This lack caused a demand for a new structure capable of attending to the premises of the newest revolution and that is applicable in practice. One of the most varied challenges of creating this new information architecture is the choice of using standards and protocols that are capable of meeting the requirements of the fourth revolution, as well as proving to the academic, industrial community and other professionals that its use shows the most appropriate.
Protocols are sets of rules created to be followed and allow communication between different devices with several different languages. Without these protocols, there would be chaos in data transmission. Thanks to these protocols it is easier to achieve the interoperability between the equipment. Currently there are several protocols in the market, both open and closed, for example, PROFINET, PROFIBUS, Modbus, Ethernet, CANopen, BACnet, etc. The standards referred here, make a reference to standards that have been established by renowned institutions such as the International Society of Automation (ISA), the International Electrotechnical Commission (IEC), the Institute of Electrical and Electronics Engineers (IEEE) and others, through conventions with many institutes, companies, researchers and professionals of the area, as standards to be followed as a rule. Difficulties lie mainly in the question of unanimity as which standard or protocols should be adopted. Other difficulties are focused on the security of this data, since proposing a more flexible structure, where everyone knows everything, we are making more access points available to hackers and malicious people.
METHODOLOGY
As a method to structure this research it was used a bibliographic survey containing three sources of information. The first source comes from the systematic review of the literature, which allows to raise the existing academic information regarding the protocols and open standards currently used in production environments and indicated for use in industry 4.0. The second source is a collection of information in several materials available and made by renowned consulting firms such as Capgemini [1], McKinsey [2] , BCG [3] , Deloitte [4] , PwC [5] , Roland Berger [6] etc. In these materials was presented the fourth industrial revolution and somehow suggested the protocols and standards to be adopted in the fourth revolution. As a last source, a survey was carried out on application cases of the 4.0 industry idea in companies in Germany. These cases were taken directly from the official website of the German Federal Ministry of Education and Research (Plattform-i40), responsible for disseminating various quality materials, helping to disseminate the idea of the industry 4.0. Below is the structure of the methodology used to facilitate the understanding of the development of this article. For didactic purposes, to facilitate understanding about so many revisions of the protocols and requirements, an evaluation was made on which of these protocols meet the requirements listed, generating a percentage for each one. Another way to facilitate the differentiation between the study in the three sources is to use different colors for each result table from each base source. The colors are blue for academic, orange for consulting firms and green for application cases. In order to make it possible to compare the data sources of the research, the general industry 4.0 requirements were listed based on the systematic literature review, and used to compare in the other bases too. The comparison was made following the systematic below: -Find more information about the protocol / standard to be evaluated. Find out what is your purpose, areas of action and resources that this item approach. -Within what has been researched, assess if the protocol / standard allows to achieve or at least facilitate implementation of the industry requirement 4.0 in question. If the answer is yes, add a point to this protocol / standard. Repeat this for all the requirements. This procedure is repeated for all found protocols and standards. At the end, sum the points that this protocol / standard has obtained, divided by the number of requirements found and multiply by 100. The final number is a percentage of the level that this protocol / standard meets the requirements.
The methodology has five steps until the end of the work, starting with: -Survey of information on protocols and open standards used in current production environments and that are being mentioned as suitable for use in the last revolution. This survey is done through a systematic review of the literature, where a research was done in the databases SCOPUS and Web of Science with the sequenced combination of key words: protocols; Patterns; production; Industry 4.0. The result of this research will serve to identify the protocols and standards indicated for use in industry 4.0. After this survey, among all the mentioned protocols and standards will be selected only those with the larger number of mentions and bigger relevance to try to cover most of what has been used and fomented in the academic environment. -In the same way, a survey will be made on the premises of the industry 4.0 in relation to what is expected of protocols, standards and information about an information architecture in the documents of the consulting companies renowned in the area, in other words, the standards requirements will be list, and then choose the best standard on the consulting companies vision. These results should be filtered in order to collect only the information with the highest number of mentions, or that are judged relevant to this research. -Next, through the website of the Federal Ministry of Education and Research of the German government will be made the collection of protocols and standards already used in cases of application in Germany, and will return those that have already been tested and are operating approved, respecting the Assumptions of the industry 4.0. This stage is very important due the origin of the cases that are real companies that invested resources and bet on the idea of industry 4.0 as a way to improve their business and obtain economic and market advantages over their competitors. Because it is difficult to measure the real benefits of this change before it occurs, the case study is a very strong way to prove the theory.
-After the three surveys of information on protocols and standards to be adopted in industry 4.0, starting from three different areas (academic, consulting and industrial), there is a wide scope to be able to explore more about what each research returned and what is their convergences and divergences. In the same way, it is possible to confront what the protocols found meet or not according to the observed industry requirements 4.0. Among many discussions, the application of each protocol in certain areas is explored, implementation difficulties due to issues such as the necessary infrastructure or the need for training of professionals to install the system in the company, the costs necessary for the implementation of such solution comparing with the others that also meet, the limitations that each solution may have, such as the use of closed protocols and standards, etc. -Finally, it concludes with a suggestion of information architecture that is able to meet the needs of industry 4.0 and use the protocols and standards raised in this article as the most suitable for real application. This architecture aims to make clearer the application of the chosen protocols and standards, giving an idea of how it would be and facilitating the understanding of this study.
BIBLIOGRAPHY SURVEY RESULTS
The bibliographic survey brings the necessary information about the protocols and standards fomented in the academic, consulting and industrial environment in a very broad and easy-to-view way. Using several areas as a basis, a larger sector is included in which research will be useful. The survey structure was divided into three subchapters for further exploration, where each chapter has a different research base and will be best explored in chapter 4.
Academic Systematic Review
It is extremely common for the academy to be constantly in research on various subjects, especially on those that are judged as key points for development. As expected, Industry 4.0 is also the focus of several research groups from various educational institutions around the world. The research developed by Yongxin Liao [7] , a researcher from the PPGEPS group of the Pontifical Catholic University of Parana, presents a systematic review of the literature on 250 articles, which was done on several areas of the fourth revolution. According to this review the terms most related to the standards in the literary environment, considering the context of industry 4.0, are OPC, IEC 62439, IEEE 1588, IEC 61850, according to the following image. Interoperability. Analyzing the protocols and standards raised, versus the requirements also found, we can build a relation between them. This relation points out which protocols and standards most meet the requirements, in other words, which one are able to provide or facilitate the functionalities of the requirements. The relation is made through the number of requirements met by the total requirements. The representation of this in table is being presented in the following. Table 1 . Protocols and Standards X Requirements (RSL).
For the academic environment, the MQTT protocol and the OPC are better prepared for adoption in industry 4.0, with an attendance level of 71.43% for both. All the numbers are listed bellow. Table 2 . Requirements attended (Academic).
According to the organization responsible for MQTT: "MQTT is a machine-to-machine (M2M) /" Internet of Things "connectivity protocol. It was designed as an extremely lightweight publish / subscribe messaging transport. It is useful for connections with remote locations where small footprint is required and / or network bandwidth is at a premium". Being a solution thought and elaborated to support this new wave of technologies that will be integrated in the internet, mainly in the interaction between machines. The OPC mentioned here contemplates some variations of this standard, the largest number of mentions is due to OPC Unified Architecture. Where the OPC UA is an evolution of the original OPC. OPC technologies were created to allow information to be easily and securely exchanged between diverse platforms from multiple vendors and to allow seamless integration of those platforms without costly, time-consuming software development. Both meet requirements such as Smart Factory, Interoperability and M2M, taking a deeper level in approaching requirements differently for each.
Consulting Review
Consulting firms play an important role within the economic marketplace by evaluating and implementing business solutions. Basically, a consulting firm is a cluster of knowledge capable of interpreting a problem, devising a solution and applying it, collecting the fruits and generating reports. Some tech-savvy companies did not miss out on the industry 4.0 theme and released informational materials about the latest revolution, containing their views on this whole new scenario. Companies such as Acatech [8] AMQP's main purpose is to allow full functional interoperability between messaging clients and middleware servers (also known as brokers). In other words, AMQP defines a standard protocol for publishing, queuing, storing and consuming messages. The message producer uses an API to publish the messages to the server. The server / broker will put the messages into queues and store them while they are not consumed. Finally, an application will consume the messages by removing them from the queues. CoAP is useful as IoT protocol, but, primarily, a one-to-one protocol for transferring state information between client and server. While it has support for observing resources, CoAP is best suited to a state transfer model, not purely event based. MQTT, AMQP and CoAP are all protocols for communication, but each one has its peculiarities and better application cases.
Industry Review
The latest source of data comes from the market-driven practice of business and the initiatives taken to build up the standards and protocols of the fourth industrial revolution, which is perhaps one of the most valuable sources for study. Since this is a relatively new topic, there are few conclusions, but rather a number of speculations. Analyzing what has been applied in practice, facilitates the understanding for several people and illustrates situations of correctness and errors, emphasizing difficulties and limitations of technologies, people and machines to reach the highest level of industry 4.0. Germany, as a forerunner of the fourth revolution, is well ahead of this subject by bringing various materials, in line with industry, through research institutions for the community to access, read and discuss. From 2012 until today the country has organized several discussions on the most varied topics of industry 4.0, not leaving aside the barrier of protocols to be adopted. To discuss such a topic, Germany Institute for Standardization (DIN) has taken the lead to bring the discussion to a global level. Through this institute it is possible to organize and define the strategies to be adopted to choose the best path to be followed in the fourth revolution. In addition to the DIN, private sector companies, public and professional organizations have come together to develop universal and integrated solutions, making the industry's premises more and more real. OPC UA and IEC TC 65 reached a level of 71.43% of requirements, which are the same used for comparison in the three research sources. All the numbers are listed bellow. Table 6 . Requirements Attended (Industry).
OPC UA is the next generation of OPC technology. OPC UA is a more secure, open, reliable mechanism for transferring information between servers and clients. OPC provides a very flexible and adaptable mechanism for moving data between enterprise-type systems and the kinds of controls, monitoring devices, and so on. It provides more open transports, better security and more complete information model than the original OPC, "OPC Classic. Sensors that interact with real world data. For these reasons, it has a good level of applicability in industry 4.0. The IEC TC 65 is allowing to prepare international standards for systems and elements used for industrialprocess measurement and control concerning continuous and batch processes. Also to co-ordinate the standardization of those features of related elements which affect suitability for integration into such systems. The work of standardization outlined above is to be carried out in the international fields for equipment and systems operating with electrical, pneumatic, hydraulic, mechanical or other systems of measurement and / or control. From this review, we note a phase of structuring the industry 4.0 so that all its component parts, including standards and protocols, are discussed and elaborated.
Although not unanimous, many companies have already adopted the pre-determinations of renowned institutions, such as ABB in Germany. This company has implemented within its line the FDI so that it was advanced a step further for the Cyber-Physical Production Systems (CPPS). According to the company, "without field devices, ABB's automation equipment could neither sense the actual world process nor control it. They are an integral part of CyberPhysical Production Systems (CPPS). FDI enables users to easily manage field devices throughout their entire life cycle, largely independent from fieldbus protocol technology and with consistent operating concept. "
SYNTHESIS OF RESULTS AND MODEL PROPOSAL

Protocols x Requirements
After surveying the protocols and standards of three different areas, academic, consulting and industrial, it is possible to make some findings on the subject. The systematic review of the literature, despite returning few protocols and standards, was the basis that most had reference. This result can be related to the fact that theory is an area where is possible to work with speculation, with errors and correct answers, allowing a greater number of institutions, companies and professionals to develop materials on the subject. The evaluation of the available materials made by the consulting firms with a focus in the area of technologies was the area that had the lowest material return approaching the topic of protocols and standards in a deeper way, since several materials approached the subject, but only mentioning the difficulty of definition and need for standardization. It is possible to say that the consulting firms, in this case, are acting as disseminators of the subject, so that it can be debated by other renowned institutions and specialists in the subject of standardization. Finally, material collected through practical applications by companies that believe in the benefits of industry 4.0, and materials developed by groups of companies with renowned institutions, brought a perspective on how the current scenario of the fourth industrial revolution is. If a company cannot implement any of these solutions, it can be indicative of a lack of maturity in its structure to advance the 4.0 walk. In this case, it is advisable a maturity analysis so that the company has a direction of the steps to be taken to reach its objectives.
Architecture Proposed
Based on the protocols and standards raised, it is possible to suggest a proposal of information architecture to represent the new generation of the industry. Following the idea of the OPC UA structure and combining with the communication protocols MQTT, AMQP, CoAP is presented below the proposed architecture. As a set, the organization that start to use this architecture proposed will be able to be an Smart Factory, offering smart products and smart services.
CONCLUSION
The conclusion of the work developed is directly related to the current level of development of the industry 4.0 in practice. It has been noted that there are still many gaps to be filled, not only in standards and protocol issues, but in general. Despite this, many companies, professionals and institutions are running behind to develop solutions to the barriers encountered, and the more people work together, the faster the solutions will be found. Regardless of the difficulty in defining the choice of standards and protocols, it is known that there are resources that meet the diverse needs of the requirements listed in the industry 4.0. MQTT, AMQP, CoAP, OPC UA and IEC TC 65 form a set of protocols and standards to transform industry 4.0 into practice, as indicated in figure 6 . With this set it was possible to determine an architecture proposal (figure 7) in that all be encompassed. The difficulty of advancing this proposal lies in the lack of unanimity of professionals, companies and institutions in the choice of these items. As this subject is constantly evolving, in the future it is possible to go further in the deepening of each area, through new methods of revision to list the new key terms and still confirm if the revision made here still valid.
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